Abstract: Secondary caries has been reported as the main reason for restoration replacement. The aim of this in vitro study was to evaluate the performance of different methods -visual inspection, laser fluorescence (DIAGNOdent), radiography and tactile examination -for secondary caries detection in primary molars restored with amalgam. Fifty-four primary molars were photographed and 73 suspect sites adjacent to amalgam restorations were selected. Two examiners evaluated independently these sites using all methods. Agreement between examiners was assessed by the Kappa test. To validate the methods, a caries-detector dye was used after restoration removal. The best cut-off points for the sample were found by a Receiver Operator Characteristic (ROC) analysis, and the area under the ROC curve (Az), and the sensitivity, specificity and accuracy of the methods were calculated for enamel (D2) and dentine (D3) thresholds. These parameters were found for each method and then compared by the McNemar test. The tactile examination and visual inspection presented the highest inter-examiner agreement for the D2 and D3 thresholds, respectively. The visual inspection also showed better performance than the other methods for both thresholds (Az = 0.861 and Az = 0.841, respectively). In conclusion, the visual inspection presented the best performance for detecting enamel and dentin secondary caries in primary teeth restored with amalgam.
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Introduction
The replacement of restorations has been a frequent approach among clinicians, and secondary caries has been the major reason for explaining that. 1 Since operative treatment is adopted with no control of the etiologic factors of dental caries, new caries lesions can develop around restorations, leading to the re-restoration of teeth. 2 Furthermore, secondary caries detection is not a simple task for clinicians. In general, its detection at early stages is difficult.
3 Discoloration next to the restoration or ditched amalgam margins are not predictive of secondary caries. 4 These doubts can lead clinicians to making wrong decisions concerning the replacement of restorations.
Therefore, the accurate detection of secondary caries lesions is extremely important. The methods commonly used for this purpose have been the visual inspection, the tactile examination using a sharp probe and bitewing radiographs.
1,4-6 Nevertheless, objective methods have also been studied in order to improve detection, and some perspectives in detection and quantification of secondary caries have been raised. [5] [6] [7] [8] Laser fluorescence (LF) is a recently proposed option for caries detection. DIAGNOdent (KaVo, Biberach, Germany) is a LF-based device, capable of distinguishing caries lesions from sound tissues based on the difference of fluorescence exhibited by the two different structures when exposed to a red and infrared spectrum. The fluorescence is transformed into a numerical scale, and the deeper the lesion, the higher the value displayed by the device. 9 Even though the use of LF has been extensively studied for the detection of occlusal caries, 10 few studies have been conducted about its use in the detection of secondary caries. Besides, these studies were performed in permanent teeth. 6, 7, 11, 12 Since permanent teeth are significantly different from primary teeth, 13 the method should also be tested and validated in primary teeth.
Therefore, the aim of this in vitro study was to evaluate the performance of four different methods -visual inspection, LF, radiography and tactile examination -in detecting secondary caries in primary molars restored with amalgam.
Material and Methods
Ethical concern and sample preparation
The experimental protocol was approved by the Local Ethics Committee. Fifty-four primary extracted or exfoliated molars presenting the occlusal surface restored with amalgam were donated by a bank of human teeth and had their surfaces photographed. One or two suspected sites were selected adjacent to the restorations (n = 73). The specimens were cleaned with a toothbrush with pumice/water slurry and stored in saline solution until the examinations.
Caries detection methods
All selected sites were assessed by two examiners, using four different methods for caries detection: visual inspection, LF, radiography and tactile examination. The examiners were previously trained and performed the evaluations independently, unaware of each other's results.
Visual inspection
The teeth were positioned about 30 cm far from the examiner's eyes and air dried with a 3-in-1 syringe. The examiners judged the teeth according the scoring system: 14 0. No or slight change in enamel translucency after prolonged air drying (> 5s) Opacity or discoloration hardly visible on wet surface, but distinctly visible after air drying Opacity or discoloration distinctly visible without air drying Localized enamel breakdown in opaque or discolored enamel Cavitation in opaque or discolored enamel exposing the dentine
LF
An LF device (DIAGNOdent) was used. The device was calibrated against a ceramic standard and then re-calibrated after every 10 th tooth. Tooth was air-dried for 3 s, 15 and the tip A was placed on a previously selected site and rotated around a vertical axis. The LF was calibrated on the center of the buccal surface of every tooth prior to examination of the suspected site. Three measurements were performed in each site. Peak values were registered and the mean value was calculated.
Radiography
Groups of three teeth each were fixed on an Xray film placed in a bitewing holder and radiographs were taken. The aim of this procedure was to obtain radiographs comparable to typical bitewings. The focus-to-film distance was 40 cm.
The Spectro 70 X unit (Dabi Atlante, Ribeirão Preto, SP, Brazil) and Kodak Ektaspeed films were used at 70 kV and 8 mA, with an exposure time of 0.3 seconds. The radiographs were processed in a standardized manner in order to obtain an acceptable contrast.
The radiographs were examined on a backlit screen, without magnification. For the evaluation, the examiners used the following criteria:
probably not caries questionable probably caries definitely caries
Tactile examination
The tactile examination was performed by probing gently the suspected site with a blunt explorer probe to avoid damage to the dental tissues. Additionaly, this examination was the last one to be performed in order to avoid interference in the results of the other methods in case of any damage.
The examiners evaluated the teeth regarding the presence of ditches and presence of softened dental tissue, using the following scores: 
Validation
The restorative material was removed carefully by one of the examiners using a tungsten carbide bur in a high-speed hand-piece under water refrigeration. Any contact with the cavity walls and margins was avoided. The remnants of restorative material in the cavity were removed using a sharp excavator.
Then a caries-detector dye (Vide Cárie -Inodon, Porto Alegre, RS, Brazil) was applied. The dye was applied in the cavities using a small brush, following the manufacturer's instructions. It was removed after 10 seconds by a 5-second water spray and airdried for 5 seconds.
The suspected sites were classified according to the color of the stained tissues by both examiners and scored following a scale adapted from Yazici et al. 16 
Statistical analysis
A Receiver Operator Characteristic (ROC) analysis was performed for enamel (D2) and dentine (D3) thresholds, and the area under the ROC curve (Az) and the best cut-off points were obtained. Us-
2.
3. 4. 5.
1.
2. 3.
2.
ing these cut-off points, sensitivity, specificity and accuracy (percentage of correct diagnosis in sound and decayed teeth) of each method were calculated at each threshold. The McNemar test was used to assess statistically significant differences between the methods.
The inter-examiner reproducibility was assessed by Kappa coefficients, considering D2 and D3 thresholds. The level of significance for all the tests was p < 0.05.
Results
The Az for the visual inspection was higher than those for the other methods, at both thresholds (D2 = 0.86; D3 = 0.84). At the D2 threshold, LF and tactile examination did not show statistically significant differences in Az. The same was observed between tactile examination and radiography, which presented the worst performances in enamel. At the D3 threshold, except for visual inspection, all the other methods showed similar Az values ( Table 1) .
The best cut-off points found for the sample are presented in Table 1 . Considering sensitivity, the visual inspection also showed the highest values at the D2 threshold, and values similar to those presented by the tactile examination at the D3 threshold. Radiography presented the lowest sensitivity at both depths (Table 1) .
No significant differences were observed in specificity for all the tested methods at both thresholds, except for the tactile examination, which showed lower specificity than the other methods at the D3 threshold ( Table 1) .
The visual inspection and the radiography showed, respectively, the highest and the lowest accuracy in detecting enamel secondary caries. All methods presented similar accuracies at the dentine thresholds. The visual inspection showed higher accuracy at the D2 threshold than at the D3 threshold. The other methods presented higher accuracy at the D3 threshold than at the D2 threshold.
At the D2 threshold, the inter-examiner reproducibility was higher for the tactile examination (0.86). At the D3 threshold, the highest inter-examiner agreement was found for the visual inspection (0.88). Radiography presented the lowest reproduc-ibility at the enamel (0.48) and dentine thresholds (0.55) ( Table 2 ).
Discussion
Our study aimed at testing the conventional methods, as well as the LF method, for detecting secondary caries lesions around amalgam restorations in primary teeth. Although LF is an objective method, the readings can be influenced by the presence of calculus and dental plaque, 9,15,17 time of drying, 15 ,17 the professional's experience and training 18, 19 and storage of the specimens for in vitro studies. 20 Nevertheless, when cut-off points are adjusted for each examination separately, no significant differences have been found. 21 The cut-off points will determine a limit between health and disease. Low cut-off points for LF have been related to high sensitivity values. 17, 22 In vitro studies generally have found lower cutoff points than in vivo studies. This fact is probably related to time and conditions of storage of the specimens. 20, 23 Previous studies on secondary caries detection have also shown the difference mentioned above between cut-off points obtained by in vitro and in vivo studies. This difference has been reported as being around 10 arbitrary units. 7, 11 In our study, the observed cut-off points were lower than those found in previous studies, both at the enamel and dentine thresholds. 7, 11 Considering that the teeth used in our study were obtained from a bank of human teeth, and that it was impossible to determine the storage time precisely, we assumed that the low cut-off values may have been a result of that.
Regarding the cut-off points for the conventional methods tested, an inversion was observed between the cut-off points found for radiography and for the tactile examination, in that higher cut-off points were found in enamel than in dentine. This fact contributes to emphasize the lower reliability of the tested methods. 24 Hence, tactile examination and radiography would not be the most appropriate methods to detect secondary caries at the dentine threshold, which disagrees with previous findings related to radiographic examination, 7, 11, 25 but agrees with previous results related to tactile examination. 26 Despite the limitation of the visual index used in detecting early secondary caries due to the difficulty in distinguishing discolorations originated from the restoration or from demineralizations, 6 the visual inspection presented the highest sensitivity Table 1 -Sensitivity, specificity and accuracy of the laser fluorescence, visual inspection, radiography and tactile examination methods for detecting secondary caries lesions in primary teeth at enamel (D2) and dentine (D3) thresholds, and their performance expressed as the area under the ROC curve (Az). Table 2 -Inter-examiner agreement for the laser fluorescence, visual examination, radiography and tactile examination methods for detecting secondary caries lesions at the enamel and dentine thresholds. among the tested methods for both thresholds. On the other hand, some previous studies had shown that the LF performance was superior to that of the visual examination in detecting secondary caries lesions in permanent teeth. 6, 8 The scoring system used for the visual inspection aims at estimating lesion depth.
14 The thinness of the primary enamel 13 can explain the best performance in detecting secondary enamel lesions in primary teeth. The worse performance at the dentine threshold probably reflects the major difficulty in detecting dentinal caries not frankly cavitated.
Similar values of specificity for all methods at the enamel threshold mean that all methods performed similarly in identifying a sound site around an amalgam restoration. All methods presented specificity superior to 0.80, which is a minimum value to assure a minimum false-positive fraction.
11
The tactile examination generally presents high sensitivity and low specificity, resulting in a high number of false-positives. 24 Nevertheless, in our study the tactile examination presented a combination of high specificity and low sensitivity. The gentle use of the explorer probe may have caused that. The probe was used without any pressure along the margins of the restoration in order to evaluate the presence of ditches and softened dental tissues. In spite of that, the other methods presented performances superior to that of the tactile examination, emphasizing that it is not the most indicated for detecting secondary caries lesions in primary teeth.
The low sensitivity and accuracy of radiography in detecting enamel secondary caries had already been expected because these lesions are rarely detected in bitewings radiographs. 7, 14, 27 In addition, our study did not observe a good performance of this method at the dentine threshold, which does not corroborate the findings of other studies in which radiography presented acceptable values of sensitivity and specificity in the detection of advanced secondary caries. 7, 11 This divergence can be attributed to the presence of secondary lesions in the wall of the cavity, the presence of restorative material in the buccal or lingual surface or the occurrence of a shadow effect of the restorative material, 28 which could make the detection of a demineralization related to secondary caries in a bitewing radiograph difficult.
The visual inspection showed the highest accuracy in detecting secondary lesions in enamel. In dentine, the visual inspection was similar to LF in the detection of this kind of lesion. Thus, the suggestion of combining both methods in order to improve the detection of secondary caries lesions around amalgam restorations could be considered. This combination, however, did not increase the accuracy in detecting secondary caries around composites. 8 Considering that this hypothesis has not been tested yet for amalgam restorations, future studies should be encouraged in order to verify that.
It is expected that objective methods should present higher agreement rates than subjective ones. Previous studies on the detection of secondary lesions have already demonstrated this claim. 6 Nevertheless, the highest inter-examiner agreement in the present study was observed for the tactile examination, at the enamel threshold, and for the visual inspection, at the dentine threshold. The examiner's training in using visual and tactile criteria, 29 the use of scoring systems and/or individual mistakes in operating the LF device 30 can be possible explanations for this observation.
Considering the use of a single method to detect secondary caries lesions both in enamel and dentine, it would be recommendable that a method presenting high sensitivity for detecting initial (enamel) lesions and high specificity for detecting deep (dentine) lesions be chosen. Thus, it would be possible to adopt preventive measures as soon as possible and avoid the unnecessary replacement of restorations. 6 In our study, the visual inspection combined both features with a high reliability, emphasizing its indication as the most effective method in detecting secondary caries lesions in primary teeth.
Conclusion
The visual inspection presented the best performance in detecting enamel and dentine secondary caries in primary teeth restored with amalgam.
